We report the results of our investigation of magnetization and heat capacity on a series of 
Introduction
The low temperature properties of 4f-electron systems show a wide range of unusual magnetic and electronic behaviors, which is a broad and active field of research in the area of condensed matter physics over the past few decades [1] .These systems are reported to exhibit various exciting phases, such as spin density wave, non-fermi liquid behavior, unconventional superconductivity, quantum criticality, antiferromagnetic and paramagnetic state etc. [2] [3] [4] [5] [6] . In some of these systems, the properties are dominated by the outcome of coupling between magnetic and elastic degree of freedom [7] [8] . Also, observation of delocalization of some 4f-electrons along with the competition between the localized and delocalized moments provides an insight about the magnetic state of these systems [9 -11] . In some of the compounds belonging to this system, variation of external parameters like magnetic field, external and chemical pressure results in conspicuous discrepancies in the magnetic and thermal properties. In this context, CeNiGe 2 is an interesting 4f-electron based system, which has been studied in the last couple of decades and is also under investigation in recent years [12, 13] . It is also reported that in this compound external pressure and high magnetic fields are unable to suppress the long range ordering, which results in the absence of quantum critical point (QCP) [13] [14] . However, Kim et al., reported that when Si is partially replaced by Ge, it leads to the suppression of magnetic ordering temperature and observation of some signatures of QCP [15] . Magnetic Gruneisen parameter (Γ mag ) and thermodynamic quantity (-dM/dT) are sensitive tools for the investigation of QCP [16] . In addition, Γ mag is used to identify magnetic frustrations and it displays a sign change in frustration regime at finite temperature [17, 18] . Our investigation on CeNiGe 2 through Γ mag revealed that there is a sign change in Γ mag from positive to negative, which is related to magnetic frustration in this compound. This partially frustrated regime develops a new antiferromagnetically ordered phase at high fields and field induced QCP is absent in this compound [19] . Y-substitution at the Ce-site results in sequential suppression of magnetic ordering temperature below 1.8 K. However, Non-Fermi liquid behavior or zero field QCP is absent even after 40% replacement of Ce [20] . Hence, it is of interest to study the magnetic field dependence properties of Ce-site diluted CeNiGe 2 , to see the effect of magnetic frustration and possible quantum criticality.
With this objective, in this work, we report the evolution of magnetic and thermodynamic 
Experimental details
The polycrystalline compounds antiferromagnetic interactions. We now focus on the thermodynamic quantity -dM/dT as it is an important tool to assess the degree of freedom of delocalized spins, and to categorize QCP [16, 17] . Figure 1 (d, e and f) shows the temperature response of (-dM/dT)/T in field range of 0.5 -7
Results and discussion
T. As noted from the figure 1 (d), for Y-0.1 compound, with decreasing temperature, (-dM/dT)/T increases and a maximum occur around 3.6 K for 0.5 T. On further decreasing temperature a sign change from positive to negative value is noted around 3.4 K. Both, the temperature of maximum and sign change temperature shift to lower temperature with increasing field. Above 1 T, the sign change is not noted. However, with increasing field the slope of growth of (-dM/dT)/T increases up to 4 T and above this value of field it decreases and tends to saturate. The maximum value of slope of (-dM/dT)/T is around 4 T. Similar observation for sign change is noted for Y-0.2 compound up to 0.5 T and (-dM/dT)/T increases up to 4 T beyond of this field it decreases. For Y-0.4 compound the sign change is absent, however, maximum slope occur around 5 T.
According to the relation, Γ mag = -(dS/dH)/C, where -dS/dH = -dM/dT; (-dM/dT)/T is related to Γ mag [16] . Hence the observed sign change in (-dM/dT)/T indicates to entropy accumulation and is related to magnetic frustration, as reported in CeNiGe 2 [19] . Hence, it can be said that figure 3(a) . This curve is obtained from the temperature dependent (-dM/dT)/T in constant fields. With increasing magnetic fields, (-dM/dT)/T increases and shows a broad maximum around 5 T. In order to exactly determine the critical magnetic field (H C ) first derivative of the quantity (-dM/dT)/T is taken (inset of figure 3 (a) ). It is noted at 5 T which we assign as the critical field for quantum criticality. Here, we would like to mention that in Y-0.4 compound sign change in (-dM/dT)/T is absent at H < H C ; as generally noted for critical transition [17] . This absence of sign change arises due to the fact that when the temperature is of the order of Kelvin, one can see broad maxima around H C . This observed maxima, should grow in magnitude with decrease in temperature show a sign change for H < H C at extreme low temperature [17] . Figure 3 . In the expression ν is the exponent of correlation length and z is the dynamical critical exponent which depends on the dynamic of the order parameter. The free energy F can be expressed using hyperscaling as [16] :
where a and T 0 are non-universal constant, f(r/(T/T 0 ) 1/vz ) is a universal scaling function.
Moreover, the heat capacity (C′) (by subtracting the lattice contribution) at H = H C and at finite T is given, using a thermodynamic relation as [16, 23] : (a) it is observed that, with the increase in magnetic field, C′/T increases up to 5 T, beyond which it decreases. Inset of figure 4 (a) shows the C′/T curves at critical field fitted with equation (4) in the low temperature region and the obtained fitting parameters are tabulated in Table 1 . The value of the exponent z (extracted from n and with d = 3) is found to be 1.9. For this compound it is observed that d + z > 4, implying that the critical field of this compound lies above the upper critical dimension (d + z = 4) in the mean field regime [16, 23] . It has been reported that, above the upper critical dimension, thermodynamic scaling of equation (2) can be affected due to presence of dangerously irrelevant variable arising out possible from low energy degree of freedom [16, 24] . However, it has been reported by authors in Refs [24, 25] Hence, in order to perceive the quantum criticality in mean field regime, we do the H/T scaling. Equation (2) is rearranged by choosing T 0 = ℓ z T, we obtain [17, 23] :
C′/T (T, H=H
where ℓ is an arbitrary scale factor, δ and β are the order parameters depending upon field and concentration respectively. Using equation (6) (4)). The scaling of heat capacity indicates to presence of quantum criticality. Similar form of scaling has already been reported in other compounds exhibiting quantum criticality [23, [26] [27] .
In order to determine the critical scaling parameter δ, we also do the scaling of magnetization curves of these compounds. In terms of free energy, M (T, H) = -∂F/∂H. Using equation (6) , the magnetization is expressed as
where β/νz is scaling factor coupled with the parameters, magnetic field and temperature and 
Summary:
In this work, an investigation is carried out to check the presence of magnetic field induced quantum criticality in Ce-site diluted heavy fermion CeNiGe 2 . Results of temperature 
